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We study leptonic decays Dg — )• tu and B^ — t- tv In i?-parity violating (RPV) 
supersymmetric standard model. The interference between the s-channel slepton 



^^ ■ exchange and the t-channel squark exchange diagrams could be destructive in a 

^D ■ certain model parameter region so that sizable RPV couplings are allowed. Contri- 

m ■ 

• \ butions from the RPV interactions to the final states with the lepton flavor violation 

^^ \ (LFV), tu^{tV(,)) are also examined taking account of constraints on the RPV cou- 



plings from the other LFV processes. 



1 Introduction 

Although the standard model (SM) of particle physics has shown a good agreement 
with almost all the experimental results (for example, see [T]), the gauge hierarchy 
problem motivates us to explore physics beyond the SM. Supersymmetry (SUSY) has 
been expected as a promising idea to solve the gauge hierarchy problem [2] , and looking 
for direct or indirect signatures of super symmetric extension of the SM is one of the 
most important tasks of collider experiments at energy frontier such as LHC. 

It is well known that, in the supersymmetric SM, the baryon (B) and lepton (L) 
numbers are not conserved in general. The i?-parity is, therefore, introduced to protect 
the proton longevity or to suppress unobserved B- or L-number violating processes. An 
important consequence of i?-parity is that the lightest supersymmetric particle (LSP) is 
stable and it could be a candidate of the cold dark matter. On the other hand, if some 
of the i?-parity violating (RPV) interactions are allowed, phenomenology of supersym- 
metric SM is drastically changed. For example, tiny neutrino mass can be explained 
through the RPV interactions without introducing a heavy Majorana neutrino [3]. Even 
without i?-parity, the light gravitino could play a role of cold dark matter [3] . 

In ref. [5], we studied the leptonic decays Dg — t- tu and B^ — t- tu in the RPV 
supersymmetric SM. It was pointed out that the experimental data of -D^ — t- ri^ [6] shows 
the deviation from the Lattice QCD calculations about 2. 4a [7], while the discrepancy 
between the experimental measurement of B~^ — ?• tu and the SM expectation is about 
2.5a pi}j. In the supersymmetric SM with RPV interactions, the leptonic decays occur 
at tree level through (i) charged slepton exchange in the s-channel diagram, and (ii) 
down-squark exchange in the t-channel diagram. We found that the supersymmetric 
contributions could either constructively or destructively interfere between the s- and t- 
channel diagrams so that the i?-parity couplings could be sizable when the contributions 
are cancelled each other which has not been pointed out in earlier works |1H [T2t [T3l [T^ 
[T5| [T6] . Although the RPV interactions lead to the final states where the charged lepton 
and neutrino are not only flavor diagonal (tp't-) but also off-diagonal (rf^ or TUe), the 
latter was neglected in the previous workq^. 

Recently, the Lattice QCD calculation of the decay constant fo,, has been up- 
dated [17] and the world average of the experimental data of Ds — s- tu is smaller than 
the previous one [18]. As a result, the deviation between the SM expectation and the ex- 
perimental data of Dg — )• tu decreased from 2. 4a to I.60" and so called the "/^s-puzzle" 



^ The flavor violating final states in the leptonic decay of Da meson have been discussed in the 
framework of leptoquark models in ref. [32] . 



may disappear. 

In this paper, we study constraints on the RPV interactions from Dg — t- tu and 
B^ — )■ TV' taking account of the recently reported result on fo^ ■ Although the deviation 
in Dg —7- Tiy (fos ) is now 1.6a, we show that there are still sizable allowed parameter space 
of the RPV couplings where the supersymmetric contributions are cancelled between the 
s- and t-channel diagrams. We also study in this paper the contributions of the RPV 
interactions to the leptonic decays with the lepton flavor violation (LFV) (Dg, B'^ — ?• rfj, 
i = e, fi). The RPV interactions which lead to the LFV in the final state of the leptonic 
decays also contribute to the other LFV process, such as r — )■ fij and t ^ firj for 
Ds — 7- TV, and B~^ — t- tt'^vi' and B^ — ?• £■ £j for B~^ — ?• tv. We show that contributions 
of RPV interactions to Dg — t- tv^i are suppressed by a few order of magnitude compared 
to the flavor diagonal case (tj^t) owing to the constraints from the other LFV processes, 
while those for B'^ can be as large as ti/t- 

This paper is organized as follows. In the next section, we briefly review the relevant 
RPV interactions for the leptonic decays of Dg and B~^ mesons. The numerical results 
are presented in Sec. [3l Sec. |3]is devoted to summary and discussions. 

2 Set up 

The trilinear interactions with i?-parity violations are described by the following super- 
potential 

^fi — i;\jkLiLjEk + X^j.LiQjDk + -X^jfJJiDjDk, (1) 

where Q and L are SU(2)i doublet quark and lepton superfields, respectively. The up- 
and down-type singlet quark superfields are represented by U and D, while the lepton 
singlet superfield is E. The generation indices are labeled by i,j and k. The SU(2)i^ 
and SU(3)c gauge indices are suppressed. The dimensionless coefficient Xijk is anti- 
symmetric for i and j, while A^'-^. is anti-symmetric for j and k. For a comprehensive 
review of the -R-parity violating supersymmetric SM, see, ref. [19]. Constraints on the 
RPV couplings Xtjk, A^,-^ and A";, from various processes have been studied in the lit- 
erature [20l [m [221 [Ml [IS]- Since the baryon number violating coupling A"-;, induces 
too fast proton decay, we take A^'-^ = in the following. Then, the leptonic decays of 
Dg and B^ mesons occur through the slepton exchange in the s-channel diagram with a 
product of A and A', and the squark exchange in the t-channel diagram with a product 
of two A' couplings. 

Let us briefly summarize the leptonic decay of a pseudo scalar meson P which consists 



of the up and (anti-) down-type quarks Ua and db, where a,b are generation indices of 
quarks. The decay width of P — ?• lii^j is given as 

r{P^l,u,) = ^4Gl\Vl,f3mlmp(l-^] (2) 



where Gi?, Vu^dj^,m,£- and nip are the Fermi constant, the Cabibbo-Kobayashi-Maskawa 
matrix element, the mass of a charged lepton ii and the mass of a pseudo scalar meson 
P, respectively. The flavor indices of charged leptons and neutrinos are expressed by i 
and j, respectively. The decay constant is denoted by fp. A parameter rp is defined as, 
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where Af, represents new physics contribution. Note that, in the second term of r.h.s. 
in eq. ([3]), one should take a sum only for j (neutrinos), because that the neutrino flavor 
cannot be detected experimentally. If there is no new physics contribution, rp = 1. 

The interaction Lagrangian of the i-channel contribution to the decay width ([2]) can 
be obtained from the superpotential ([I]); 
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Using the Fierz transformation, the effective Lagrangian which describes the i-channel 
squark exchange is given as 
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For comparison, we show the effective Lagrangian for the VF-boson exchange 
Using the decay constant fp which is defined by 

(o|47^75u,|P((^)) = i/pg^ 

we find the t-channel squark contribution to the decay P{uadi,) 
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The s-channel contribution can be calculated from the interaction Lagrangian 

C = \ijk{-T^k{^L)j{lL)-] + Kjk{-WhiuL)j{^L)i]+^-C.. (9) 
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The effective Lagrangian is given by 

J^is = -\Y.^^4^^^(^ + ^^)^^d,{l-^,)na. (10) 

■^ , _, TTl — 

^^ = 1 iLk 

From eq. ([7]) and equations of motion for u- and d-quarks, we find 

{0\d,j5Ua\P{q)) = -i ^^ fp. (11) 

Using eq. (jlip . we obtain the s-channel contribution as 

The charged Higgs contribution can be calculated from the interaction Lagrangian, 
£ = V* . I ^^ta.11 pThPLUaH- + -^p^ cot ^TbPnUaH- 



\/2mi4/ ^/2mw 



+ ^^' tan pWiPRliH^ + h.c, (13) 

v2mw 

where g denotes the S\]{2)i gauge coupling constant, and tan/3 = {Hu)/{H(i) is a ratio 

of the vacuum expectation values of two Higgs doublets H^ (the weak hypercharge 

Y = 1/2) and H^ (Y = —1/2). We obtain the charged Higgs contribution Af from 

eq. (fT3l) as 

A^ = -GfV:. "^"^ "f Ln^/3-!!^y (14) 

Since leptons in the final state due to the charged Higgs exchange are flavor diagonal, 
the indices i,j are suppressed in l.h.s. of eq. (J14p . Note that the overall sign of the 
r.h.s. of eq. (fH|) is opposite compared to the VF-boson exchange ([6|), the charged Higgs 
boson contribution destructively interferes with the VF-boson contribution when tan^ /? > 
mua/rridf,. 

Next we summarize the experimental data and constraints on the parameter rp 
for P = Ds and B^ . Comparison of the experimental results of leptonic decay of Dg 
meson is often presented in terms of the decay constant fo^ . The world average of the 
experimental data of Dg — >■ tv has been given by HFAG as |18] 



f^^ = 257.3 ± 5.3 [MeV], (15) 

while the HPQCD collaboration has updated their evaluation of the decay constant Jd^ 
as dZI 

/|,^ = 248±2.5 [MeV]. (16) 



The discrepancy between eqs. (jlSp and (J16p is 1.6a, and we find that the constraint on 
r/)^ -parameter as 

rz)^ = 1.04 ± 0.03. (17) 

For the leptonic decay B~^ —J- rv , the experimental data of the branching ratio have 
been given by Belle and BABAR [3 [9]. The average of the data and the SM prediction 
given by the UTfit collaboration |10j is 

Br(S+ -^ rz^)exp = (1.73 ± 0.34) x 10-^ (18) 

Br(5+ ^ Ti/^)sM = (0.84 ± 0.11) X 10"^ (19) 



The difference between (fT8|) and (fT9]) is 2.5a and we find 

rj^+ = 1.44 ±0.23. (20) 

3 Numerical Study 

As is shown in eq. ([3]), the new physics contributions to the leptonic decay of a pseudo 
scalar meson P consist of the lepton flavor diagonal part Af^^ and off-diagonal part 
AfAi 7^ j). We study the contributions of i?-parity violating interactions to the diagonal 
part Aj^ [5] in sec. 13.11 and the off-diagonal part AfAi ^ j) taking account of the other 
decay processes in sec. 13.21 In our analysis, we assume that the RPV couplings are real. 
We consider exchanges of the left-handed smuon and the right-handed sbottom in the 
s- and t-channel diagrams, respectively. Recall that the operator LiLjE^ in eq. ([1]) is 
anti-symmetric for i and j. This is why we consider the smuon instead of the stau in 
the s-channel diagram. Throughout in our numerical analysis, the sfermion masses are 
fixed at 100 GeV, and we adopt the central values of the following parameters 



\Vcs\ = 1.023 ± 0.036, \Vub\ = (3.89 ± 0.44) x W'^, \Vcb\ = (40.6 ± 1.3) x 10^^ 
mo, = 1968.47 ± 0.33 MeV, mB+ = 5279.17 ± 0.4 MeV, m^o = 5279.5 ± 0.5 MeV. 

(21) 

3.1 Constraints on the RPV couplings from the flavor diagonal final 
state 

In this section, we focus on the final state where the lepton pair is flavor diagonal 
(Ti^r), i-e., we set Aij = in eq. ^. The experimental data of both Dg — )• tu and 
B^ —7- rz^ favor the positive interference between the SM VF-boson exchange and the 
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Figure 1: Constraints on the RPV couplings from Dg — )• tu (left) and B^ — )■ tu (right). 
The horizontal axis represents the RPV couplings for the t-channel while the vertical 
axis denotes the couplings for the s-channel diagram. The bands correspond to the 1-a 
allowed range for the ro^ (left) and r^+ (right) parameters, respectively. 



new physics contribution as shown in eqs. (IITD and (I20p . Due to the sign of r.h.s. 
in the s-channel slepton exchange (I12p and the t-channel squark exchange ([8]), those 
contributions could be cancelled each other when the products of RPV couplings in both 
s- and t-channel diagrams have the same sign. In Fig. [TJ we show the 1-a allowed region 
of the r£)^ -parameter (left) and the r5+-parameter (right) for m~ = m~ = lOOGeV. 
The horizontal axis represents the RPV couplings for the t-channel diagram while the 
vertical axis denotes the couplings for the s-channel diagram. The charged Higgs boson 
contributions is negligibly small for Dg — )■ rz/ but sizable for B^ — )• tv when tan/3 is 
large. The dependence of the charged Higgs boson contributions to the r5+ -parameter 
is shown in the right side of Fig. [T]for tan/3 = 50. The bands with solid line are obtained 
without the charged Higgs boson contribution while those with dashed line are obtained 
for mjj- = 300 GeV, respectively. 

In each bands, the inner lines denote the l-cr lower bounds while the outers are the 
upper bounds. We find from the figures that the allowed region of s-channel couplings 
shows positive correlations with the t-channel couplings. This is because the interference 
between the s- and t-channel contributions is destructive. For Dg — )■ rvr, since the 
t-channel coupling is always positive (IA323P > 0), not only the magnitude but also 
the sign of s-channel coupling A222'^233 i^ strongly constrained. For A222A233 ^ 0, the 
t-channel coupling IA323P should be smaller than 0.07, and — 0.08^ A222A233 < is 
experimentally allowed in the 1-a level. For B'^ — ^ Ti'r, the s- and t-channel couplings 



with opposite signs are strongly constrained. As can be seen in Fig.[Tl when the t-channel 
couphng is positive (A3X3A3*33 > 0), the negative s-channel couphng is constrained to be 
—0.0004;^ A213A233 < when there is no charged Higgs contribution. Although the 
leptonic decays of Dg and B^ mesons are useful to constrain the sign of the relevant 
RPV couplings, the size of the couplings cannot be restricted because of the cancellation 
between the s- and t-channel diagrams. However, since several RPV couplings could 
be large simultaneously, it may lead to observation of productions or decay processes of 
SUSY particles due to the RPV interactions at LHC. 

3.2 Constraints on the RPV couplings from the final state with lepton 
flavor violation 

We have so far neglected the contributions of RPV interactions to the flavor off-diagonal 
part, Afj in eq. ([3l). In this subsection we examine Af; taking account of experimental 
bounds on the RPV couplings from the other lepton flavor violating processes. Since 
the lepton flavor off-diagonal terms in eq. ([3]) are always positive, one may expect that 
the deviation from the SM prediction could be explained by these terms when the flavor 
diagonal contribution Af^ is negligible due to the cancellation between the s- and t- 
channel diagrams. We set, therefore, A^^ = in the following analysis. 



3.2.1 D, 



TV 



First we examine Dg —5- tu. As shown in Fig. [2l replacing {sl^v^) in the i-channel 
diagram by {cL,fiL), we obtain the Feynman diagram for the lepton flavor violating 
process r — )• fi'y. For r — )• /X7, the relevant RPV couplings are X'^2i^22i where i denotes 
the generation index of the right-handed down squark. Constraints on A32JA22J from 
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Figure 2: The Feynman diagram of the t-channel squark exchange in Dg — )• tv (left) 
and the LFV process r — t- fij (right). 



T — )• ;U7 have been studied in ref. |T6j using the experimental data given by Belle [25] as, 

Br(r -^ ^7) < 4.5 x 10~®. (22) 
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Figure 3: The flavor off-diagonal contributions to the r^)^ -parameter as function of RPV 
couphngs. The vertical line denotes the experimental bound on the RPV couplings from 

r — )• ^7. 



They found the constraint on the RPV couplings X'^2i^22i < 9 x 10"^ for ?nj = 300 GeV. 
Since we adopt mj = 100 GeV as a reference value in our numerical study, the constraint 
on the RPV coupling can be read as 



AUA',o, < 1 X 10"^ 



^32i^22i 



(23) 



The bound ([23]) wiU be as small as X32iX22i < 4 x 10 ^ for Br(r — ^ fij) < 1 x 10 ^ which 
is expected to be achieved at future super B-factory with the integrated luminosity 
5ab~^ [2B]. 

We introduce a parameter Arp{P = Dg^B^) to estimate the contributions of the 
RPV interactions as 



Arp = rp- (rp)gM , {P 



Ds,B^ 



(24) 



where (rp)sM = 1- In Fig- El (left), the parameter Arp)^ is shown as a function of the RPV 
coupling A32jA22j- The vertical line denotes the experimental bound on A32JA22J given in 
eq. (j23|) . When A32JA22J = 1 x 10"^, the magnitude of Arp^ -parameter is ~ 10~^. Since 
the experimental bound on the rp^-parameter is rp^ = 1.04 it 0.03 (J17p . Arp^ <, W~^ is 
small enough so that the contributions from the RPV coupling A32JA22J is negligible. 

A product of RPV couplings Aj23A^22 which appears in the s-channel diagram of 
Dg —7- Ti/^ also lead to the lepton flavor violating process r —t- ^ur/ as shown in Fig. HI 
The constraint on Aj23A^22 ^^^ been studied by Li et al. [27] as Aj23A^22 < ^-O^ ^ 10~^ 
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Figure 4: The Feynman diagram of the s-channel slepton exchange in Dg — )• rUfj^ (left) 
and the LFV process t ^ fir] (right). 



for mj = lOOGeV from the experimental limit Br(r — )• firj) < 1.5 x 10 ^ given by Belle 



in 2005 [29]. We update the bound given in ref. [2^ using the new data in 2010 by 
Belle [28] 

Br(T -^ fir]) < 2.3 x 10"^ (25) 

and find that the bound on the RPV couplings is stronger than a previous one as 

A,23A^22 < 3.1 X 10-^ (26) 

We show Ar£)^ as a function of the RPV couplings Aj23A^22 ™ Fig. [3] (right). The vertical 
line denotes the experimental limit on Aj23A^22 from Br(r — )• fir]) shown in eq. (j26p . It is 
easy to see that, taking account of the constraint on RPV coupling (|26p. the magnitude 
of Ar/)^ -parameter is at most ~ 10~^, which is negligibly small as compared to the 
experimental uncertainty (j20p . 

We conclude that, in Ds —5- tu, the contributions of the RPV interactions to the 
lepton flavor off-diagonal part Aij in eq. ([3]) is highly suppressed from the constraints on 
the other LFV processes, t ^ fi^y and r — ?• firf. The deviation from the SM contribution 
in the r/j^ -parameter is predicted to be smaller than 10~^ (t-channel) or 10~^ (s-channel) 
so that we can safely neglect these contributions. 

3.2.2 5+ -^ TV 



For i?+ — >■ Tv^ the relevant RPV couplings in A^- ([3]) are Ag^^jA'-gj and AysA^^^g for the 
t- and the s-channel diagrams, respectively. Note that the indices i and j denote the 
flavor of slepton li^i and neutrino Vy Hereafter we consider j = 2 in our analysis for 
simplicity. 

The couplings in the t-channel diagram, Ag^jA2gj, also appear in the semileptonic 
decays of 6-quark such as 6 — )• uiv or 6 — )■ dvv. Since the latter is a typical process 
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Figure 5: The r^+ -parameter as a function of the RPV couphngs in the i-channel 
diagram, A3^jA23j for the slepton mass m~ = 100 GeV. The contributions from the 



flavor diagonal part in the final leptons are set to be zero, i.e., A, 



B+ 



in eq. 



due to the flavor changing neutral current, the SM contribution is given by the 1-loop 
diagram while the RPV interactions lead to the same process at the tree level. Therefore 
strong constraints can be expected from b — )■ dvi'. 

Constraints on the RPV coupling A31JA23J from B'^ — t- tt'^i/v' have been studied in 
ref. [30]. The authors in ref. [30] found the constraint on the RPV coupling A3^jA23j < 
2.5 X 10~^ for m~ = SOOGeV. It can be read, for m-r = lOOGeV, as 



cIr 



^siXsi < 1-0 X 10- 



(27) 



We depict the r5+ -parameter as a function of the RPV couplings A3^jA23j for the squark 
mass m-r = lOOGeV in Fig. [SJ In the figure, we set the contributions to the r^+- 
parameter due to the RPV interactions in the diagonal part of the lepton flavor to be 
zero, i.e., A^ = in eq. ([3]). It is easy to see that, taking account of the bound from 
B^ —7- TT~^i'i>, the contributions from the couplings A3^jA23j are not enough to explain 
the data of rg+ -parameter in the l-o" level, r^+ = 1.44 it 0.23 in eq. (j20p . though the 
contributions slightly increase the r^+ -parameter from unity. 

Next we study contributions of the RPV interactions in the s-channel diagram. The 
combination of the RPV couplings Ajj3A^^3 in the s-channel diagram of B^ — )• rz/j (j = 
1,2 or e, fi) can also contribute to the lepton flavor violating processes B^ — )• r^e^ or 
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Figure 6: (Left) The branching ratio Br{B^ — )■ £^ t^) as a function of the RPV couphngs 
for the sneutrino mass m~ = lOOGeV. The horizontal hues denote the experimental 
bounds on B^ — )• r^e^ (dashed) and B^ — ;• r^fj.^ (dotted), respectively. (Right) The 
r^-i- -parameter as a function of the RPV couplings. The vertical line represents the 
upper limit on the RPV couplings from the experimental data of Bi{B^ — t- t^jx^). 



B^ — )• T fi^ . The decay rate of B^ — )• ^^ t^ is given by 
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where m£. ^ m£ . is assumed. The branching ratio of B^ — )• £^ £j is obtained by 

r(i?o -;. i'^ef) 

Bi-iB' ^ ^±^J) = ' ^;' Br(b ^ ceP). (29) 

The experiinental bounds on Iir{B^ — )• r^e^) and Br(i?'^ — )• r^/x^) are summarized by 



HFAG as [31] 








Br(5° - 


-> r^e^F) < 28 X 10 




Br(5° - 


> r^/u^) < 22 X 10 



(30a) 
(30b) 

We show the branching ratio of B^ — )■ i^ £j as a function of the RPV couplings for 
the s-channel diagram of B'^ — t- ti/ in Fig. [6] (left). The sneutrino mass is fixed at 
lOOGeV. In the figure, two horizontal lines denote the experimental upper bound of 
B^ —7- r^e^ (dashed) and B^ — )■ t^^jl^ (dotted), respectively. Due to the experimental 
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bounds on B^ — )• r^e^ and B^ — )■ r^/x^ in eqs. (j30ap and ()30bp . the upper limits of the 
RPV coupUngs slightly differ between Xi23^ii3 ^^^ -^iisXis- From the figure, we find 
constraints on the RPV couplings as 

Ai23A'a3 ^ 1.7xl0-^ (31a) 

AiisA^is ^ 1.9x10-1 (31b) 

Now we are ready to study contribution to the r^+ -parameter through the RPV 
interactions with couplings Aj23A^]^3 and Aji3A^^3 taking account of the experimental 
constraints from B^ ~^ (-i ^7' P^^P ^^^ (|31b[) . We show the r^+ -parameter as a function 
of the RPV couplings Ai23A'Q3 in Fig. [6] (right). The 1- and 2-a bounds of the r^+- 
parameter are shown by the horizontal dashed lines as indicated in the figure. The 
vertical line denotes the constraints on the RPV couplings from the branching ratio of 
B^ —7- T^fX^ . We find that, taking account of the experimental data of Br(i3'^ — t- r^/x^), 
the constraints on r^+-parameter given by the lepton flavor off-diagonal coupling X-a^i^'n^, 
is ^_B+^1-15, which is smaller than the 1-cj lower bound, r^+ = 1.21. However, r^+ 
may be enhanced when we add contributions from Aj23A^^3 and XinXn^. Under the 
constraints given in eqs. (j31ap and ()31bp . we find the r^+ -parameter could be at max 
1.22 which is slightly larger than the l-o" lower bound, r^+ = 1.21. The deviation in 
the r^+ -parameter from the SM expectation can be, therefore, explained by the RPV 
couplings Ai23A^^3 and Xn'^X^^^ which lead to the lepton flavor off-diagonal final state in 
B^ — > TV without conflicting the other LFV processes such as B^ — t- t^^i^, r^e^. 

4 Summary 

We have studied the contributions from i?-parity violating interactions to Dg — )• tv and 
B^ — )• TV. Owing to the latest Lattice QCD calculation of the decay constant fo^, the 
difference between the data and the SM expectation is only 1.6a in Dg — )• tv while there 
is still 2.5(7 deviation in B^ — )• tv. 

The i?-parity violating interactions could contribute to the leptonic decays through 
the slepton exchange in the s-channel diagram and the down-squark exchange in the t- 
channel diagram. In addition, the RPV interactions predict the final states not only the 
flavor diagonal lepton pair (ri^r) but also flavor off-diagonal pair (rfj, i = e,fi). In the 
flavor diagonal {tVt) case, the supersymmetric contributions could interfere with the SM 
VF-boson contribution either constructively or destructively, see eq. ^. We showed that, 
since the supersymmetric contributions consist of the s-channel and t-channel diagrams, 
the interference between them is also either constructive or destructive, owing to a choice 
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of relative sign of the RPV couplings between two diagrams. It was also shown that the 
experimentally allowed region of the RPV couplings are found to be strongly restricted 
when the relative sign of RPV couplings between two diagrains is opposite. On the other 
hand, when the RPV couplings in s- and t-channel diagrams have the same sign, these 
couplings are allowed to be large simultaneously. 

In the flavor off-diagonal case, as shown in eq. ([3]), the new physics contributions 
Aij to the leptonic decay always interfere with the SM contribution constructively. The 
RPV interactions in A^-" also contribute to the LFV processes r — t- /i7 and r — t- ^rj. 
Taking account of experimental bounds on the RPV couplings from these decay pro- 
cesses, we found that A--" is highly suppressed and the contribution is smaller than the 
experimental uncertainty by two or more orders of magnitude. The RPV couplings in 
the f-channel diagram of i?"^ — )• tu^ are constrained from B^ — )• tt'^i'L' so that the t- 
channel contribution to Afj cannot explain the 2.5a discrepancy between the data and 
the SM prediction in the leptonic decay of the B~^ meson. The RPV couplings in the 
s-channel diagram also contribute to the LFV processes B'^ — )• T^fi^,T^e^. We found 
that, taking account of the experimental bound on the RPV couplings Aj23A^^3 from 
B^ — )• r /i^, the r^+-parameter is given as r^+^1.15 which is smaller than the 1-cr 
lower bound (r^+ = 1.44 it 0.23). However, taking a sum of contributions from Aj23A^]^3 
in B^ — 7- TUfj^ and Kis^'n^ in B^ — t- ri^g, the r^+-parameter could be at max 1.22 which 
is consistent with the 1-cr lower bound. 
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